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Introduction 
The soybean aphid, Aphis glycines Matsumura (Hemiptera: 
Aphididae), is a major pest of soybeans in most of the soy-
bean-growing regions of North America, causing up to a 40% 
reduction in yield (Ragsdale et al. 2007, 2011). Since its de-
tection in 2000 and subsequent outbreaks in North America, 
there has been a concerted effort to describe the soybean 
aphid predator community, quantify the extent to which it ex-
erts biological control, and understand the role of habitat in 
mediating those interactions (Fox et al. 2004; Rutledge et al. 
2004; Costamagna and Landis 2006, 2007; Mignault et al. 2006; 
Costamagna et al. 2007, 2008; Gardiner et al. 2009; Gagnon et 
al. 2011; Koh et al. 2013). There are several significant preda-
tors of soybean aphid, including ladybird beetles (Coleoptera: 
Coccinellidae), the insidious flower bug Orius insidiosus Say 
(Hemiptera: Anthocoridae), predatory midge Aphidoletes aphi-
dimyza Rondani (Diptera: Cecidomyiidae), and lacewing spe-
cies (Neuroptera: Chrysopidae and Hemerobiidae) (Desneux 
et al. 2006, Costamagna and Landis 2007, Donaldson et al. 
2007, Costamagna et al. 2008, Gardiner et al. 2009). Predation 
from these and other arthropods can exert strong biological 
control, often providing adequate population suppression to 
keep soybean aphids below the economic threshold and thus 
protecting soybean yield and reducing insecticide use (Costa-
magna et al. 2007, Landis et al. 2008, Gardiner et al. 2009, 
Heimpel et al. 2013). 
Another potentially important predator group of soy-
bean aphids include aphidophagous hoverflies (Diptera: Syr-
phidae: Syrphinae) (Vockeroth 1992, Kaiser et al. 2007, Noma 
and Brewer 2008). Adult syrphids were among the most com-
mon aerially dispersing predators collected by sticky cards in 
soybean fields sampled across four states in the upper Mid-
west (Schmidt et al. 2008, Gardiner et al. 2009). However, syr-
phid larvae (the predatory stage) are much less abundant than 
other predators, such as coccinellids and anthocorids, on soy-
bean plants, comprising an estimated 0.1–8% of the preda-
tor community (Rutledge et al. 2004, Costamagna and Landis 
2006, Donaldson et al. 2007, Gardiner et al. 2009, Noma et al. 
2010). Few studies have quantified syrphid species composition 
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Abstract  
The management of the soybean aphid Aphis glycines Matsumara is a major challenge to soybean production in the north-central 
United States. The identification and characterization of the insect predator community has informed integrated pest management 
strategies by providing insight on predators that can suppress soybean aphid populations. Hoverflies (Diptera: Syrphidae) are known 
predators of A. glycines, but more information is needed on their diversity, abundance, and performance to evaluate their impor-
tance as biological control agents of A. glycines. In this study, syrphid abundance was evaluated across two growing seasons in four 
soybean fields in east-central Minnesota. Six methods were used to quantify syrphid abundance at the larval, pupal, and adult life 
stages; describe species composition and richness for adults; and directly compare larval abundance to aphid abundance. The syr-
phid community comprised eight species, dominated by Toxomerus marginatus (Say) and Toxomerus geminatus (Say). Syrphid abun-
dance was relatively low in soybean fields. Feeding trials were conducted to compare the performance of the most common syrphid 
(T. marginatus) on a diet of A. glycines with two native aphids, Aphis nerii Boyer de Fonscolombe and Aphis monardae Oestlund. De-
spite their low abundance in soybeans, T. marginatus larvae perform well on A. glycines, A. nerii, and A. monardae in laboratory feed-
ing trials, implying that factors other than host suitability are limiting their potential to exert biological control on soybean aphids. 
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throughout the soybean-growing season. Among those, two 
studies conducted in southern Michigan shortly after soy-
bean aphid was first detected (2003–2006) showed that seven 
syrphid species oviposit and develop to adult stage on out-
planted soybean aphid colonies (~1,000 aphids per plant); 
Allograpta obliqua (Say) was the most common (Kaiser et al. 
2007, Noma and Brewer 2008). However, parallel observations 
at the same sites showed that larvae were not nearly as abun-
dant in soybeans stands (<0.1 larva per plant) as compared 
with those in out-planted soybeans (up to six larvae per out-
planted soybean), and Toxomerus marginatus (Say) was more 
common than other syrphid species in stands than in out-
planted soybeans (Noma and Brewer 2008). Beyond these ex-
periments, little is known about the species composition, abun-
dance, or performance of syrphids in soybeans, despite their 
significance as aphid predators in other crops (Smith et al. 
2008). More information on species composition from other 
parts of the soybean-growing region will strengthen our abil-
ity to make inferences on their potential role in the biological 
control of soybean aphids. 
Performance of syrphids feeding on aphids is fundamental 
to syrphid population growth and biological control, yet this 
information is lacking for soybean aphids. Although there are 
at least seven syrphid species that can develop on soybean 
aphid (Kaiser et al. 2007, Noma and Brewer 2008), the rate 
of syrphid development on soybean aphid remains unknown. 
The relatively low abundance of syrphids in soybeans implies 
that syrphids may perform poorly on soybean aphid. Although 
poor syrphid larval performance can result from secondary de-
fense compounds (Vanhaelen et al. 2002), soybean aphids are 
considered to have low resistance and are suitable for several 
predator and parasitoid species (Mignault et al. 2006, Desneux 
et al. 2009, Hopper et al. 2013). Thus, a better understanding of 
syrphid larval development on soybean aphids would enhance 
our knowledge of syrphid performance on soybeans aphids. 
The current study 1) used four adult sampling techniques 
(vacuum-suction, sweep nets, yellow sticky cards, and timed 
observations) to quantify and describe seasonal abundance 
and species composition of adult syrphid flies; 2) counted syr-
phid larvae and pupae on soybean plants during two years; 
and 3) conducted aphid feeding trials in the laboratory to esti-
mate larval performance of the most dominant syrphid on soy-
bean aphid from objective 1. Performance on soybean aphid 
was compared with that of two native aphid–plant associations: 
Aphis nerii Boyer de Fonscolombe reared on Asclepias incar-
nata L. and Aphis monardae Oestlund reared on Monarda fis-
tulosa L. The A. nerii–As. incarnata association could be mildly 
toxic and thereby unsuitable for syrphids; however, cardeno-
lides were shown to be virtually absent in A. nerii feeding on 
As. incarnata (Martel and Malcolm 2004), and parasitoids are 
able to complete development on this aphid–plant associa-
tion (Desneux et al. 2009). Taken together, information on lar-
val performance and field abundance provides timely infor-
mation on the potential importance of syrphids as biological 
control agents. 
Materials and Methods 
Abundance and Composition of Hover flies. Research 
Site. Field sampling was conducted at the University of Min-
nesota Rosemount Research and Outreach Center in east-cen-
tral Minnesota, from four 4-ha (10-acre) soybean Glycine max 
(L.) fields: Field A (Center of field: 44° 44′16.64″ N, 93° 05′33.06″ 
W), Field B (44° 44′02.34″ N, 93° 03′55.71″ W), Field C (44° 
42′24.46″ N, 93° 04′26.04″ W), and Field D (44° 41047.07″ N, 
93° 03′24.65″ W). Average distance between all plots was 3.4 
km (minimum = 1.7 km, maximum = 5.5 km). All sampling 
was conducted within a 45 by 50m or smaller area in the cen-
ter of each 4-ha field. Sampling near the middle of relatively 
large soybean fields was intended to minimize effects from 
surrounding habitats and provide a better representation of 
the syrphid community in soybeans. Fields were planted with 
the soybean cultivar “Pioneer 91M51” (susceptible to soybean 
aphid) on 30 May to 31 May 2012 and 13 June to 14 June 
2013 and maintained under standard agronomic practices, in-
cluding applications of the herbicide glyphosate, sethoxydim, 
quizalofop p-ethyl, and fluthiacet-methyl. There were no in-
secticide or fungicide applications to the field or in a pretreat-
ment to seeds. 
Timed Observations—2012. Timed observations were per-
formed in 2012 to directly observe adult syrphid abundance. 
The timed observations involved 5min of visual searching 
along a diagonal transect through a 300 m2 area at the cen-
ter of each field. Every 30 s the observer advanced along the 
transect to a new stationary position where they searched 
a 1-m radius. Syrphid adults were identified to genus using 
characters from Vockeroth (1992). From 19 July to 5 Septem-
ber seven and eight weekly timed observations were con-
ducted for fields A, B and C, D, respectively (two samples 
were not collected). 
Sticky Cards. In 2012, the abundance and composition of 
adult syrphids was sampled with unbaited yellow sticky cards, 
PHEROCON AM No-Bait Traps (Trécé, Inc., Adair, OK), placed 
approximately 5 cm above the mean soybean canopy height 
on a 2.74-m-tall fiberglass post. Protruding wires were at-
tached to the top of the post to minimize bird perching activity. 
At each plot, four sampling locations were established within a 
75-m2 area at the center of the field. Sticky cards were placed 
on the posts for 7-d intervals from 8 June (8 d after planting) 
to 21 September (11 d before harvest). Syrphids were identi-
fied to genus and species by J.C.L. using keys from Vockeroth 
(1992). Identifications were further confirmed by referencing 
identified specimens in the University of Minnesota Insect Col-
lection, UMSP (Saint Paul, MN). All syrphids were identified to 
species and counted on traps collected every other week (four 
fields × four posts per field × eight sampling periods; N = 127; 
one trap was lost). 
Vacuum-Suction Sampling. In 2012, arthropods were col-
lected using a vacuum-suction sampling device created by 
modifying a Toro PowerVac T25 gasoline-powered hand-
held leaf blower/vac with the addition of a layer of fine-mesh 
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no-see-um netting (openings of 0.65 by 0.17mm; Quest Out-
fitters, Sarasota, FL) secured over the vacuum opening with a 
rubber band. A 56-cm-long piece of flexible plastic tubing with 
an 81-cm2 circular opening was attached to the vacuum to col-
lect arthropods. Sampling was conducted by running the leaf 
blower at full throttle (maximum air speed, 257 kmph) while 
placing the flexible tubing over soybean plants to vacuum for 
2 min, approximately a 20-m-length row, for each sample. Af-
ter each sample was collected, the no-see-um mesh pouch and 
its entire contents were placed in a plastic bag and immedi-
ately frozen in a portable Engel MT15 freezer (Engel, Jupiter, FL) 
before adult syrphids were identified to species and counted. 
Every other week, from 26 June to 18 September 2012, three 
samples were collected along transects at each field within a 
500-m2 area near the center of the field, for a total of seven 
sampling periods (four fields × three samples per field × seven 
sampling periods; N = 84). 
Sweep Net Sampling. Sweep net sampling was conducted 
during the 2012 and 2013 growing seasons. Each sample 
consisted of 20 figure-eight sweeps conducted over approx-
imately a 20-m-long transect of soybeans with a 38-cm-di-
ameter sweep net. All sweep net contents were placed di-
rectly into Whirl-Pak bags (Fisher Scientific, Pittsburgh, PA) 
containing >95% ethanol, and all syrphids were identified to 
species and counted. Every other week, from 28 June to 20 
September 2012 and 19 June to 25 September 2013, three 
samples were collected at each field within a 500-m2 area 
near the center of the field, for a total of seven sampling pe-
riods in 2012 (four fields × three samples per field × seven 
sampling periods; N = 84) and eight sampling periods in 2013 
(four fields × three samples per field × eight sampling peri-
ods; N = 96). 
Visual Observations of Larvae and Pupae. Some life stages 
of syrphids can be difficult to sample using the above de-
scribed methods because of their habit of taking refuge in 
protected areas of the plant. Therefore, hoverfly larvae and 
pupae were quantified in 2012 and 2013 by a thorough visual 
inspection of the entire soybean plant within a 0.25-m2 sam-
ple quadrat. Once every week, from 1 June to 21 September 
2012 and 6 June to 26 September 2013, four quadrats were 
sampled at each field within a 500-m2 area near the center of 
the field, for a total of 17 sampling periods in both 2012 and 
2013 (four fields × four samples per field × 17 sampling peri-
ods; N = 272 per yr). 
Visual Observations of Larvae in Relation to Aphid Density. 
Syrphid larvae and soybean aphids (total number of alates 
and apterae) were quantified in 2012 and 2013 by visually in-
specting randomly selected soybean plants along two con-
centric grids within a 45- by 50-m area in the center of each 
4-ha soybean field. Observations were made weekly from 26 
July to 13 September 2012 and from 1 July to 2 October 2013. 
Plant size was estimated by counting the number of trifoli-
ates per plant. 
T. marginatus Performance on A. glycines, A. monardae, 
and A. nerii. A sweep net was used to collect adult T. mar-
ginatus from a 0.21-ha restored tallgrass prairie at the Univer-
sity of Minnesota, Saint Paul, MN (44.98° N, 93.23° W). Adult 
T. marginatus were identified and introduced into plexiglass–
mesh cages (approximately 30 by 30 by 46cm) with A. glycines 
(on G. max), A. monardae (on M. fistulosa), or A. nerii (on As. in-
carnata) and a mixture of fresh-cut native and nonnative forbs 
from the restored prairie [e.g. crown vetch Securigera varia (L.), 
early sunflower Heliopsis helianthoides (L.), tickseed Coreop-
sis sp., white clover Trifolium repens L., and spiderwort Trad-
escantia sp]. Caged flies were monitored for mating and ovi-
positions, and leaves with eggs were cut from the plant and 
isolated in a Petri dish. Eggs were collected from the same 
aphid–plant associations as used in the feeding trials, except 
eggs from A. monardae cages that were used for feeding tri-
als of A. nerii (larvae were not available from A. nerii cages at 
the start of the trials, although adults oviposited in the A. ne-
rii cage). 
Syrphid eggs were observed for larval emergence. Newly 
hatched larvae were fragile and therefore left undisturbed on 
leaves for 24 h (day one). Leaves and larvae were kept in a 
growth chamber at 25°C with a photoperiod of 16:8 (L:D) h for 
the entire experiment, except during examination and feed-
ing. On day two, larvae were each transferred to a separate 
host plant leaf (the petiole cut was placed into a 0.6-ml mi-
crocentrifuge tube, containing deionized water, covered by a 
parafilm layer) with 30–50 aphid nymphs measuring 0.5–1.0 
mm in length. Every 24 h until pupation, larvae were trans-
ferred to a fresh leaf with typically 30–100 aphid nymphs so 
that live aphids were available in excess (ad libitum). More 
aphids were generally provided to larvae in later stages of 
growth when there were higher feeding rates. Upon pupation 
of syrphid larvae, excess aphids were removed, and the pupae 
were monitored daily until eclosion of the adults. Three repli-
cations were consecutively performed: 10 larvae fed A. glycines 
(28 June to 21 July 2012); three larvae fed on each of A. gly-
cines, A. monardae, and A. nerii (22 July to 5 August 2012); and 
two larvae fed A. glycines and five fed on each of A. monar-
dae and A. nerii (19 August to 4 September 2012). Total sam-
ple size therefore included 15 larvae fed A. glycines, eight lar-
vae fed A. nerii, and eight larvae fed A. monardae. 
The following metrics of T. marginatus performance were 
measured: number of individuals that successfully pupated and 
the time (d) from egg hatch to successful pupation. Among the 
successfully pupated individuals, the number that subsequently 
emerged as adults and time (d) to emergence was recorded. 
Analysis. Generalized linear mixed models (glmmPQL) from 
the open-source statistical software R (R Core Development 
Team 2005) were used to model seasonal change in abun-
dance, detected by sticky cards, timed observations, sweep 
nets, and larval surveys. Underlying Poisson and binomial dis-
tributions were assumed for count and binary data, respec-
tively. The generalized linear mixed model underestimated the 
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raw mean larval and pupal abundance in 0.25-m2 quadrats. We, 
therefore, analyzed abundance with a linear mixed model (lme 
in the statistical software R) when syrphids were present (11 
July–7 September; N = 288) and present those P-values which 
were similar to the P-values from the generalized linear mixed 
model. The linear mixed model was also used to analyze syr-
phid to aphid ratio. Differences in abundance among the two 
most common species, pupae versus larvae, and years, as well 
as year-dependent differences in life stage or species abun-
dance (two-way interaction), were treated as fixed effects and 
tested using the t-statistic. Polynomial terms (i.e. linear, qua-
dratic, and cubic) were tested for significance (P<0.05) and fit 
to approximate change in abundance over time. Variation be-
tween plots, repeated samples within plots, and subsampling 
was treated as random effects. 
Larval performance in the laboratory was also analyzed us-
ing mixed models in the statistical software R. Time (d) of de-
velopment from egg hatch to pupation and that from pupation 
to emergence was analyzed with linear mixed-effect models 
(lme) that included replication as a random effect. Proportion 
of individuals that pupated and the proportion of pupae that 
emerged as adults were analyzed with a generalized linear 
mixed-effects model (glmer) including replication as a ran-
dom effect. Results of ANOVA are presented in Table 1 for pro-
portion pupated or emerged (likelihood ratio test based on 
chi-square distribution) and time to pupation or emergence 
(F-test). Table 1 presents the average (±SE) performance and 
statistical comparisons among aphids for all three replications. 
A second analysis was performed for replications two and three 
when all aphid species were concurrently tested, but the re-
sults did not qualitatively differ from the tests involving all 
three replicates. 
Results 
Abundance and Species Composition of Adult Syrphids. 
Timed Observations. In 2012, a total of 11 adult syrphids were 
observed equivalent to an average 0.37 adult syrphids (±0.11 
SE) per 5 min or one syrphid every 13.6 min (N = 30 timed ob-
servations; Figure 1a). Toxomerus was the dominant genus ob-
served, comprising 91% of all observed adult syrphids (Figure 
1a). The observation of one Eristalis sp. adult comprised the 
remaining 9%. 
Sticky Cards. In 2012, a total of 124 adult syrphids were col-
lected, an average 0.98 syrphids (±0.17) per sticky card (aver-
age abundance by plot: A = 1.00, B = 0.72, C = 0.97, and D = 
1.22; N = 127 sticky cards; Figure 1b). There were significantly 
more T. marginatus than Toxomerus geminatus (Say) (t126 = 
2.36, P = 0.020), and together these species comprised 83.1% 
of all syrphids (Figure 1b). In total, eight hoverfly species were 
collected and identified from the four soybean fields with the 
following relative abundances: T. marginatus (56.5%), T. gemi-
natus (26.6%), Eristalis stipator Osten Sacken (5.6%), Eupeodes 
americanus (Wiedemann) (5.6%), Eristalis tenax (L.) (2.4%), 
Sphaerophoria philanthus (Meigen) (1.6%), Sphaerophoria con-
tigua Macquart (0.8%), and Helophilus latifrons Loew (0.8%). 
Sweep Net Sampling. In 2012, a total of 12 syrphid adults 
were collected, an average of 0.14 syrphids (±0.05) per sweep 
net sample (average abundances by plot: A = 0.10, B = 0.19, C 
= 0.10, and D = 0.19; N = 84 sweep net samples; Figure 1c). In 
2013, a total of six syrphid adults were captured, an average 
of 0.06 syrphids (±0.02) per sweep net sample (average abun-
dances by plot: A = 0.00, B = 0.04, C = 0.17, and D = 0.04; N 
= 96 sweep net samples; Figure 1d). There were significantly 
more T. marginatus than T. geminatus in sweep nets (t179 = 7.88, 
P<0.001; Figure 1c-d) but no detectable differences in abun-
dance among years (t165 = –1.19, P = 0.23) or species by year 
interaction (t178 = 0.96, P = 0.34). 
Vacuum-Suction Sampling. In 2012, vacuum-suction sam-
pling captured zero adult syrphids (N = 84 samples). 
Abundance of Syrphid Larvae and Pupae. Sweep Net and 
Vacuum-Suction Sampling. In 2012, sweep netting captured 
zero syrphid larvae and pupae (N = 84). In 2013, three syrphid 
larvae and one pupa were collected, an average 0.031 larvae 
(±0.018) and 0.010 pupae (±0.010) per sweep net sample (N 
= 96). Vacuum-suction sampling captured one larvae and zero 
pupae in 2012, an average of 0.012 larvae (±0.012) per vac-
uum-suction sample (N = 84). 
Visual Observation of Larvae and Pupae. There were more 
larvae than pupae (t287 = –3.26, P = 0.0012), and there was 
marginal statistical support (t286 = –1.97, P = 0.0502) that 
this difference was larger in 2013 versus 2012. In 2012, 17 
syrphid larvae and 10 pupae were observed, an average 
density of 0.063 larvae (±0.018) (average densities by plot: 
A = 0.074, B = 0.029, C = 0.074, and D = 0.074) and 0.037 
pupae (±0.011) (average densities by plot: A = 0.029, B = 
Table 1. T. marginatus average (±SE) larval performance on A. glycines, A. nerii, and A. monardae
Life stage development     A. glycines          A. nerii          A. monardae      Sample sizesa         Test statistic       P-value
Proportion larvae that pupated  0.80 (±0.10)  0.88 (±0.12)  0.75 (±0.15)  15, 8, 8  χ2=0.42  0.81
Proportion pupae that emerged  0.75 (±0.13)  0.57 (±0.19)  0.83 (±0.15)  12, 7, 6  χ2=1.21  0.55
Proportion larvae that pupated and emerged  0.60 (±0.13)  0.50 (±0.18)  0.63 (±0.17)  15, 8, 8  χ2=0.299  0.86
Days from egg hatch to pupation  12.33 (±1.13)  10.71 (±0.47)  11.00 (±0.73)  12, 7, 6  F2,20=0.069  0.93
Days from pupation to adult emergence  4.78 (±0.15)  5.00 (±0.00)  4.60 (±0.40)  9, 4, 5  F2,13=0.995  0.40
Test statistics and corresponding P-values are presented for χ2 tests (Likelihood Ratio test performed via glmer in R) and F-tests (ANOVA performed 
using lme in R).
a. Samples sizes are shown in order for A. glycines, A. nerii, and A. monardae.
30 Eckberg  et  al .  in  Annals  of  the  Entomolog ical  Soc i ety  of  Amer ica  108  (2015 ) 
0.00, C = 0.100, and D = 0.015) per 0.25-m2 quadrat (N = 
272 quadrats; Fig 2a). In 2013, 37 larvae and nine pupae 
were observed, an average density of 0.136 larvae (±0.033) 
(average densities by plot: A = 0.382, B = 0.029, C = 0.088, 
and D = 0.044) and 0.033 pupae (±0.014) (average densities 
by plot: A = 0.132, B, C, and D = 0.000) per 0.25-m2 quad-
rat (N = 272 quadrats; Figure 2b). 
Visual Observation of Syrphid Larvae and Aphids per Soy-
bean Plant. In 2012, 424 plants were inspected and a to-
tal 15,315 soybean aphids were counted (total number 
Figure 2. Syrphid average (±SE) larvae and pupae density across four soybean fields (4 ha per field) during (a) 2012 and (b) 2013 in Rosemount, MN. 
Curves represent best fit polynomial terms from a linear mixed model that compared syrphid pupae to larvae in 2012 and 2013. Dashed curves and 
solid curves represent pupae and larvae, respectively.
Figure 1. Syrphid average (±SE) adult abundance across four soybean fields (4 ha per field) based on (a) 5-min timed observations in 2012, (b) yellow 
sticky cards in 2012, and (c) sweep nets in 2012 and (d) 2013 in Rosemount, MN. Based on a generalized linear mixed model, the curves represent 
best fit polynomial terms for a single continuous variable (total syrphidae across time) or two continuous variables (T. marginatus versus T. geminatus 
across time). Dashed curves with double-dots, dashed curves, and solid curves represent total syrphids, T. marginatus, and T. geminatus, respectively.
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of aphids per plot A = 4,061, B = 885, C = 8,479, and D 
= 2,402). In 2013, 903 plants were inspected, and a total 
103,608 soybean aphids were counted (total number of 
aphids per plot A = 54,032, B = 24,423, C = 20,514, and D = 
4,639). There were significantly more syrphid larvae in 2012 
versus 2013 (t1292 = 2.08, P = 0.038). An average of 0.014 
syrphid larvae (±0.006) were observed per plant in 2012 (six 
syrphid larvae in total for 2012) versus 0.021 syrphid larvae 
(±0.006) per plant in 2013 (19 total observed larvae; Figure 
3b). Average abundance of syrphid larvae per plot in 2012 
were: plot A = 0.018, B = 0.0096, C = 0.019, and D = 0.0096, 
and those in 2013 were: plot A = 0.038, B = 0.017, C = 0.013, 
and D = 0.017. 
Peak soybean aphid density was observed on 23 August 
2012 (131.9 aphids per plant) and 21 August 2013 (798.0 
aphids per plant). Peak syrphid density was observed on 23 Au-
gust 2012 (0.0312 larvae per plant) and 15 August 2013 (0.125 
larvae per plant; Figure 3b). The ratio of syrphids to aphids var-
ied from 0.0 to 0.0018, with the highest values per year occur-
ring on 23 August 2012 and 4 September 2013 (Figure 3c). The 
frequency of syrphids per soybean plant varied from 0.00 to 
0.094, with the highest values per year occurring on 23 August 
2012 and 15 August 2013 (Figure 3d). There were no signifi-
cant differences in the syrphid to aphid ratio (t1293 = –0.45, P 
= 0.65) or the frequency of syrphids per soybean (t1292 = 1.55, 
P = 0.12) among the years. 
T. marginatus Performance on A. glycines, A. nerii, and A. 
monardae. Syrphid Performance. Among the T. marginatus fed 
A. glycines, 80% pupated and, of those, 75% emerged as adults. 
Pupation and emergence to adult stage occurred in 12.3 and 
4.8 d, respectively (Table 1). Proportion of larvae maturing to 
the adult stage and the time to maturation were similar for T. 
marginatus fed A. glycines versus A. nerii or A. monardae. No 
statistically significant differences were detected for any per-
formance measures (Table 1). 
Discussion 
In this study, the syrphid community comprised eight species, 
dominated by T. marginatus and T. geminatus. However, syr-
phid abundance was relatively low in soybean fields. Labora-
tory feeding trials indicated that T. marginatus larvae perform 
equally on A. glycines as on native aphids. We first provide a 
discussion of syrphid community composition and abundance 
based on our collection methods. Then we consider the poten-
tial for syrphids to exert biological control on soybean aphids 
and discuss the factors potentially influencing syrphid popu-
lations in soybeans. 
Figure 3. Soybean aphid (a) and syrphid larvae (b-d) average (±SE) abundance per soybean plant during 2012 and 2013 across four soybean fields 
(4 ha per field) in Rosemount, MN. Syrphid larvae abundance shown as (b) abundance per soybean plant, (c) ratio of syrphids to aphids, and (d) fre-
quency of larvae per soybean plant (proportion of plants with one or more syrphids). Curves in b-d represent best fit polynomial terms for date 
based on a (generalized) linear mixed model that compared syrphid abundance, ratio of syrphids to aphids, and frequency of larvae in 2012 (solid 
line) versus 2013 (dashed line).
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Sticky cards and sweep nets indicated that T. marginatus 
was the most common species followed by T. geminatus. Timed 
observations further confirmed that the genus Toxomerus was 
dominant in these soybean fields. Consistent with our study, 
Noma and Brewer (2008) reported for southern Michigan that 
T. marginatus larvae were relatively common compared with 
other syrphid species in soybean stands, but their larval den-
sity was low (Noma and Brewer 2008). Conversely, in those 
same fields, out-planted soybeans with elevated soybean aphid 
density suggested the syrphid community was dominated by 
A. obliqua, not T. marginatus (Noma and Brewer 2008). We 
contend that our sticky card, sweep net, and timed observa-
tion surveys, as well as the larval density surveys of Noma and 
Brewer (2008) on soybean stands, are likely to be more rep-
resentative of the syrphid community occurring in soybeans 
fields. Thus, while T. marginatus occurs at low density, they 
may be one of the more common species of syrphids to occur 
across the soybean-growing region. 
Direct observations and counts showed that syrphid larval 
densities, and their ratio to aphids, are extremely low in soy-
beans. Averaged across years and plots there were 0.03 lar-
vae per soybean plant when aphids were present and a ratio 
of 0.00021 larvae to aphids (equivalent to one larva per 4,762 
aphids; Figure 3). Even when aphids reached their highest den-
sities in 2012 (16 to 23 August) and 2013 (30 July to 28 Au-
gust), the ratio of syrphids to aphids usually stayed well below 
0.001, and syrphid larvae were present on no more than 10% 
of the soybean plants (Figure 3). Our estimates of larval den-
sity from searching 0.25-m2 quadrats further confirmed the 
low density of syrphid larvae (Figure 2). 
Our observations of syrphid larval density are consistent 
with the general finding that syrphids are less abundant com-
pared with other predators of soybean aphids. In a related 
study by Rutledge et al. (2004), syrphids represented <1% of 
the total insect predator community and other predators, in-
cluding O. insidiosus and Harmonia axyridis Pallas, were more 
abundant than syrphids. The highest larval density of syrphids 
observed in this study (0.13 syrphids per soybean plant on 15 
August 2013) was less than one-tenth of the peak abundance 
of O. insidiosus, 1.7 adults and nymphs per plant (Rutledge et 
al. 2004). In southern Michigan, syrphid larval density was sim-
ilarly low throughout the season in soybean stands across two 
sites (Noma and Brewer 2008, Brewer and Noma 2010). 
Our study provides insight on the potential biological con-
trol of soybean aphids. Syrphid larvae were observed to be 
vastly outnumbered by aphids. Laboratory feeding studies 
show that one syrphid can kill 132–507 aphids during larval 
development depending on the syrphid species, environmen-
tal conditions, and aphid species (Soleyman-Nezhadiyan and 
Laughlin 1998, Hopper et al. 2011). Hopper et al. (2011) re-
ported that individual T. marginatus killed 132 lettuce aphids 
(Nasonovia ribisnigri Mosley) over the larval stage. Predation 
rates can be 50% lower in field than under laboratory condi-
tions (Tenhumberg 1995). Thus, the low syrphid density ob-
served in the field combined with estimates of predation from 
the literature suggests that there is limited potential for syr-
phids to exert biological control on soybean aphids. 
Our results contrast other agricultural systems, in which syr-
phids are highly abundant in aphid colonies (Pineda and Mar-
cos-García 2008, Gontijo et al. 2012), and larvae can be im-
portant predators exerting strong population-level control on 
aphids (Chambers and Adams 1986, Tenhumberg 1995, Ten-
humberg and Poehling 1995). For example, the primary syrphid 
species in soybeans, T. marginatus, also complete their devel-
opment on a major aphid pest of organic California lettuce, the 
nonnative N. ribisnigri (Hopper et al. 2011). T. marginatus is the 
dominant syrphid species feeding on N. ribisnigri, comprising 
39% of the syrphid community followed by syrphids A. obli-
qua, Sphaerophoria sp., and Eupeodes sp. (Smith and Chaney 
2007), which were also detected in our soybean fields. How-
ever, unlike in soybeans, syrphid larvae are highly abundant in 
field populations of N. ribisnigri, reaching average high densi-
ties of 2.75–9.08 larvae per lettuce plant, far greater than the 
peak 0.13 larvae observed per soybean plant in this study, and 
syrphids provide significant population suppression of N. ribis-
nigri (Smith et al. 2008). 
A question that arises from this study is why are syrphids 
not as abundant in soybean aphids as they are in other ag-
ricultural systems (Gontijo et al. 2012)? In our study, T. mar-
ginatus performed well by feeding on soybean aphids in the 
laboratory, equally well as on two native species of aphids. 
However, some caution should be exercised in the compari-
son of T. marginatus performance among aphids, as our con-
clusions are based on a relatively small sample size (N = 31). 
Soybean aphids are suitable prey, unlike some aphids (e.g. Ca-
variella theobaldi) that can be toxic to syrphids (Ruzicka 1975). 
Further, syrphids occurred more commonly, often more than 
two syrphids per plant, on out-planted soybean plants when 
the larvae were allowed to develop in the laboratory (Kaiser 
et al. 2007, Noma and Brewer 2008, Brewer and Noma 2010). 
In out-planted soybeans surrounded by grassland, syrphids 
were >400% more abundant than coccinellids or O. insidiosus 
(Kosmala 2013). However, syrphids occurred at low density in 
the larger soybean stands (i.e., 4 ha) of the current study and 
in other large field studies (Gardiner et al. 2009). The potential 
importance of scale-dependent ecological effects is further im-
plied by the observation that syrphid abundance was greater 
on out-planted soybeans in smaller (0.01–0.02 ha) versus larger 
(0.5–1.0 ha) soybean plots (Noma and Brewer 2008). Thus, syr-
phids can perform well on soybeans and soybean aphids, but 
their potential for population growth appears more limited in 
the context of larger soybean stands. 
Multiple factors may limit syrphid populations in soybean 
stands. While pupation rates in the laboratory were 80%, the 
occurrence of only 35% as many pupae versus larvae in the 
field implies that successful pupation in the field is much 
lower. One potentially limiting factor to syrphids could be 
intraguild predation from coccinelids such as H. axyridis and 
Coccinella septempunctata and chrysopids, such as Chrysop-
erla sp. (Hindayana et al. 2001, Alhmedi et al. 2010, Ingels and 
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De Clercq 2011), all of which often occur abundantly in soy-
beans (Gardiner et al. 2009) and are known intraguild pred-
ators of several other taxa in soybeans (Gardiner and Landis 
2007, Chacon and Heimpel 2010, Gagnon et al. 2011). For 
example, Coleomegilla maculata have been observed feed-
ing on syrphid pupae in alfalfa (Wheeler 1977). Further, dip-
teran protein, likely to include syrphids, has been detected 
in the guts of three coccinellid species (C. septempunctata, 
C. maculata, and H. axyridis) known to prey on soybean 
aphids (Moser et al. 2011). Finally, when coccinellid abun-
dance was low, syrphids were much more common on out-
planted soybeans than those observed in the current study 
(Kosmala 2013). Plant traits of soybeans such as pubescence 
(trichomes) may also limit syrphid performance. Pubescence 
was shown to reduce movement and performance of syrphids 
in other crops (Verheggen et al. 2009). It is perhaps no coin-
cidence that syrphids are major predators of aphids in crops 
that lack dense pubescence (Chambers and Adams 1986, Ni-
eto et al. 2006, Gontijo et al. 2012). Thus, although the eco-
logical mechanisms limiting syrphid populations in soybeans 
remain unclear, the current body of literature suggests that 
syrphids can be added to the list of predators and parasit-
oids (e.g., Binodoxys kellogensis, Lysiphlebus testaceipes, and 
C. maculata), which can complete development on soybean 
aphids (Mignault et al. 2006, Brewer and Noma 2010), but 
have remained at low density in soybean stands (Schmidt et 
al. 2008, Brewer and Noma 2010, Noma et al. 2010). 
In conclusion, the syrphid community dominated by T. mar-
ginatus showed a low abundance of larvae and pupae in four 
soybean fields across 2 yrs. The high developmental perfor-
mance of T. marginatus on soybean aphid is consistent with 
the hypothesis that ecological factors (e.g. intraguild preda-
tion, syrphid–soybean interactions) limit populations of syr-
phids. A potential extension of this study would be to further 
characterize such factors and quantify their effects on syrphid 
abundance and predation in soybeans. 
Acknowledgments — We are grateful to Briee Mercer, Chris Rezac, 
Wally Rich, Jay Schwartz, Danielle Spengler, Amanda Stephens, and 
Anh Tran for their assistance with field collections; Marissa Bendick-
son, Karen Blaedow, David Rittenhouse, and Jacob Vander Yacht for 
quantifying arthropods on yellow sticky traps; and Nicholas Heim-
pel and Matt Kaiser for help and advice on the laboratory perfor-
mance test. We thank Matt Bickell, Gerald Holz, and Kimon Karelis 
for planting and management of soybean fields. James Eckberg and 
Colin Borsh were supported by the National Science Foundation–In-
tegrative Graduate Education and Research Traineeship (NSF IGERT) 
Grant DGE-0653827 as Trainee and Life Science Summer Undergrad-
uate Research Participant, respectively. This project was supported 
by Agriculture and Food Research Initiative Competitive Grant no. 
2011-67009-30027 from the U.S. Department of Agriculture–Na-
tional Institute of Food and Agriculture. 
References 
Alhmedi, A., E. Haubruge, and F. Francis. 2010. Intraguild interactions 
and aphid predators: biological efficiency of Harmonia axyridis and 
Episyrphus balteatus. J. Appl. Entomol. 134: 34–44. 
Brewer, M. J., and T. Noma. 2010. Habitat affinity of resident natu-
ral enemies of the invasive Aphis glycines (Hemiptera: Aphididae), 
on soybean, with comments on biological control. J. Econ. Entomol. 
103: 583–596. 
Chacon, J., and G. Heimpel. 2010. Density-dependent intraguild pre-
dation of an aphid parasitoid. Oecologia. 164: 213–220. 
Chambers, R. J., and T.H.L. Adams. 1986. Quantification of the impact 
of hoverflies (Diptera: Syrphidae) on cereal aphids in winter wheat: 
an analysis of field populations. J. Appl. Ecol. 23: 895–904. 
Costamagna, A. C., and D. A. Landis. 2006. Predators exert top-down 
control of soybean aphid across a gradient of agricultural manage-
ment systems. Ecol. Appl. 16: 1619–28. 
Costamagna, A. C., and D. A. Landis. 2007. Quantifying predation 
on soybean aphid through direct field observations. Biol. Control 
42: 16–24. 
Costamagna, A. C., D. A. Landis, and C. D. Difonzo. 2007. Suppression 
of soybean aphid by generalist predators results in a trophic cascade 
in soybeans. Ecol. Appl. 17: 441–51. 
Costamagna, A. C., D. A. Landis, and M. J. Brewer. 2008. The role of 
natural enemy guilds in Aphis glycines suppression. Biol. Control 45: 
368–379. 
Desneux, N., R. J. O’Neil, and H.J.S. Yoo. 2006. Suppression of pop-
ulation growth of the soybean aphid, Aphis glycines Matsumura, by 
predators: the identification of a key predator and the effects of prey 
dispersion, predator abundance, and temperature. Environ. Entomol. 
35: 1342–1349. 
Desneux, N., R. Barta, K. Hoelmer, K. Hopper, and G. Heimpel. 2009. 
Multifaceted determinants of host specificity in an aphid parasitoid. 
Oecologia 160: 387–398. 
Donaldson, J., S. Myers, and C. Gratton. 2007. Densitydependent re-
sponses of soybean aphid (Aphis glycines Matsumura) populations 
to generalist predators in mid to late season soybean fields. Biol. 
Control 43: 111–118. 
Fox, T. B., D. A. Landis, F. F. Cardoso, and C. D. Difonzo. 2004. Pred-
ators suppress Aphis glycines Matsumura population growth in soy-
bean. Environ. Entomol. 33: 608–618. 
Gagnon, A.-E., G. E. Heimpel, and J. Brodeur. 2011. The ubiquity of 
intraguild predation among predatory arthropods. PLoS ONE 6: 1–7. 
Gardiner, M. M., and D. A. Landis. 2007. Impact of intraguild preda-
tion by adult Harmonia axyridis (Coleoptera: Coccinellidae) on Aphis 
glycines (Hemiptera: Aphididae) biological control in cage studies. 
Biol. Control 40: 386–395. 
Gardiner, M. M., D. A. Landis, C. Gratton, C. D. DiFonzo, M. O’Neal, 
J. M. Chacon, M. T. Wayo, N. P. Schmidt, E. E. Mueller, and G. E. 
Heimpel. 2009. Landscape diversity enhances biological control of 
an introduced crop pest in the north-central USA. Ecol. Appl. 19: 
143–154. 
Gontijo, L. M., S. D. Cockfield, and E. H. Beers. 2012. Natural enemies 
of woolly apple aphid (Hemiptera: Aphididae) inWashington State. 
Environ. Entomol. 41: 1364–1371. 
34 Eckberg  et  al .  in  Annals  of  the  Entomolog ical  Soc i ety  of  Amer ica  108  (2015 ) 
Heimpel, G. E., Y. Yang, J. D. Hill, and D. W. Ragsdale. 2013. En-
vironmental consequences of invasive species: greenhouse gas 
emissions of insecticide use and the role of biological control in re-
ducing emissions. PLoS ONE 8: e72293. 
Hindayana, D., R. Meyhofer, D. Scholz, and H. M. Poehling. 2001. In-
traguild predation among the hoverfly Episyrphus balteatus de Geer 
(Diptera: Syrphidae) and other aphidophagous predators. Biol. Con-
trol 20: 236–246. 
Hopper, J. V., E. H. Nelson, K. M. Daane, and N. J. Mills. 2011. Growth, 
development and consumption by four syrphid species associated 
with the lettuce aphid, Nasonovia ribisnigri, in California. Biol. Con-
trol 58: 271–276. 
Hopper, K. R., S. M. Prager, and G. E. Heimpel. 2013. Is parasit-
oid acceptance of different host species dynamic? Funct. Ecol. 27: 
1201–1211. 
Ingels, B., and P. De Clercq. 2011. Effect of size, extraguild prey and 
habitat complexity on intraguild interactions: a case study with the 
invasive ladybird Harmonia axyridis and the hoverfly Episyrphus bal-
teatus. BioControl 56: 871–882. 
Kaiser, M. E., T. Noma, M. J. Brewer, K. S. Pike, R. Vockeroth, and S. 
D. Gaimari. 2007. Hymenopteran parasitoids and Dipteran preda-
tors found using soybean aphid after its midwestern United States 
invasion. Ann. Entomol. Soc. Am. 100: 196–205. 
Koh, I., H. I. Rowe, and J. D. Holland. 2013. Graph and circuit theory 
connectivity models of conservation biological control agents. Ecol. 
Appl. 23: 1554–73. 
Kosmala, M. C. 2013. Effects of human actions on four ecological sys-
tems, with a focus on trophic relationships. Ph.D. Dissertation. Uni-
versity of Minnesota, Saint Paul,MN. 
Landis, D., M. Gardiner, W. van der Werf, and S. Swinton. 2008. In-
creasing corn for biofuel production reduces biocontrol services in 
agricultural landscapes. Proc. Natl. Acad. Sci. U.S.A. 105: 20552–20557. 
Martel, J., and S. Malcolm. 2004. Density-dependent reduction and 
induction of milkweed cardenolides by a sucking insect herbivore. J. 
Chem. Ecol. 30: 545–561. 
Mignault, M.-P., M. Roy, and J. Brodeur. 2006. Soybean aphid preda-
tors in Que´bec and the suitability of Aphis glycines as prey for three 
Coccinellidae. BioControl 51: 89–106. 
Moser, S. E., Y. Kajita, J. D. Harwood, and J. J. Obrycki. 2011. Evidence 
for utilization of Diptera in the diet of fieldcollected coccinellid larvae 
from an antibody-based detection system. Biol. Control 58: 248–254. 
Nieto,D. J., C. Shennan, W. H. Settle, R. O’Malley, S. Bros, and J. Y. 
Honda. 2006. How natural enemies and cabbage aphid (Brevicoryne 
brassicae L.) population dynamics affect organic broccoli harvest. En-
viron. Entomol. 35: 94–101. 
Noma, T., and M. J. Brewer. 2008. Seasonal abundance of resident par-
asitoids and predatory flies and corresponding soybean aphid densi-
ties, with comments on classical biological control of soybean aphid 
in the Midwest. J. Econ. Entomol. 101: 278–287. 
Noma, T., C. Gratton, M. Colunga-Garcia, M. J. Brewer, E. E. Mueller, 
K.A.G. Wyckhuys, G. E. Heimpel, and M. E. O’Neal. 2010. Rela-
tionship of soybean aphid (Hemiptera: Aphididae) to soybean plant 
nutrients, landscape structure, and natural enemies. Environ. Ento-
mol. 39: 31–41. 
Pineda, A., and M. Á. Marcos-García. 2008. Seasonal abundance of 
aphidophagous hoverflies (Diptera: Syrphidae) and their population 
levels in and outside Mediterranean sweet pepper greenhouses. Ann. 
Entomol. Soc. Am. 101: 384–391. 
R Core Development Team. 2005. R: A language and environment for 
statistical computing. R Foundation for Statistical Computing. Vienna, 
Austria. http://www.r-project.org/  
Ragsdale, D. W., B. P. McCornack, R. C. Venette, B. D. Potter, I. V. 
Macrae, E. W. Hodgson, M. E. O’Neal, K. D. Johnson, R. J. O’Neil, 
C. D. DiFonzo, et al. 2007. Economic threshold for soybean aphid 
(Hemiptera: Aphididae). J. Econ. Entomol. 100: 1258–1267. 
Ragsdale, D. W., D. A. Landis, J. Brodeur, G. E. Heimpel, and N. 
Desneux. 2011. Ecology and management of the soybean aphid in 
North America. Annu. Rev. Entomol. 56: 375–99. 
Rutledge, C. E., R. J. O’Neil, T. B. Fox, and D. A. Landis. 2004. Soy-
bean aphid predators and their use in integrated pest management. 
Ann. Entomol. Soc. Am. 97: 240–248. 
Ruzicka, Z. 1975. The effects of various aphids as larval prey on the 
development of Metasyrphus corollae [Dipt.: Syrphidae]. Entomoph-
aga. 20: 393–402. 
Schmidt,N. P., M. E. O’Neal, and P. M. Dixon. 2008. Aphidophagous 
predators in Iowa soybean: a community comparison across multiple 
years and sampling methods. Ann. Entomol. Soc. Am. 101: 341–350. 
Smith, H. A., and W. E. Chaney. 2007. A survey of syrphid predators of 
Nasonovia ribisnigri in organic lettuce on the Central Coast of Cali-
fornia. J. Econ. Entomol. 100: 39–48. 
Smith,H.A., W. E. Chaney, and T. A. Bensen. 2008. Role of syrphid 
larvae and other predators in suppressing aphid infestations in or-
ganic lettuce on California’s Central Coast. J. Econ. Entomol. 101: 
1526–1532. 
Soleyman-Nezhadiyan, E., and R. Laughlin. 1998. Voracity of larvae, 
rate of development in eggs, larvae and pupae, and flight seasons 
of adults of the hoverflies Melangyna viridiceps Macquart and Sy-
mosyrphus grandicornis Macquart (Diptera: Syrphidae). Aust. J. En-
tomol. 37: 243–248. 
Tenhumberg, B. 1995. Estimating predatory efficiency of Episyrphus 
balteatus (Diptera: Syrphidae) in cereal fields. Environ. Entomol. 24: 
687–691. 
Tenhumberg, B., and H.-M. Poehling. 1995. Syrphids as natural ene-
mies of cereal aphids in Germany: aspects of their biology and effi-
cacy in different years and regions. Agric. Ecosyst. Environ. 52: 39–43. 
Vanhaelen, N., C. Gaspar, and F. Francis. 2002. Influence of prey host 
plant on a generalist aphidophagous predator: Episyrphus balteatus 
(Diptera: Syrphidae). Eur. J. Entomol. 99: 561–564. 
Verheggen, F. J., Q. Capella, E. G. Schwartzberg, D. Voigt, and E. 
Haubruge. 2009. Tomato-aphid-hoverfly: a tritrophic interaction 
incompatible for pest management. Arthropod. Plant Interact. 3: 
141–149. 
Vockeroth, J. R. 1992. The flower flies of the subfamily Syrphinae of 
Canada, Alaska, and Greenland, Insects Arachn. Canada, Part 18. Can-
ada Communication Group-Publishing, Ottawa, Ontario. 
Wheeler, A. G. 1977. Studies on the arthropod fauna of alfalfa VII. Pre-
daceous insects. Can. Entomol. 109: 423–427. 
